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A Capstan for Deep-Sea Hoists

W. L. JONES, C. L. BUGHANAN, AND J. J. GENNARI
Sonar Systéms Branch
Sound Division

A novel capstan desigh has been studied and developed at NRL. The capstan consists of
two identical slotted eylindrical drums which Fotate intermeshed on axes which are both

offset and canted with respect to each other.

operation of this capstanis somewhat simi-

lar in principle to that of the wmdmg reels which wefre originally employed in the textile

industry. However the |

IRL version, through an arrangeient of eccentric journals, is cap:

able of continuously winding and laterally advancing a heavily loaded cable in such a manner

that it aligns itself on the capstan and consistently follows the same path. Test results ob-
taihed using models indicate such a capstan meets requirements for use as the traction

member of a déep-sea hoist:

INTRODUCTION

In the field of underwater technology there is an
increasing demand for improvements in deep-sea
research equipment. Included among such equip-
ment is a high-load- capamty deep-sea hoist, which
i§ capable of storing long lengths of cable. When a
long cable supporting a heavy load is wound onto a
druin in a multitude of layers, the shear loads ex-
erted against the side flanges, asw 1l as the com-
pressive loads abotit the drum s may become
exceedingly high. Complicated structural prob-
lems arise when designing a hoist of this type,
since long cables ne- .té many layers of wind-
ings on the drur . .:.c. ;nepection, one might
deduce that these 10543 may be obtained directly
from the summ:.ios of forces exerted by each
cable layer; however, +t.i- 15 Rot Lo 2sse. 1t 18 not

theoretically Yre v o 41 =0 -~ ~~tisn ¢f the stress
in each layer 1. ef'a iutal ad; there-
fore computat. . o: - - - =« AgShution
on the drum L; ,uecn .mes
intractable.

If the functions of haul. -
were accomplished by ix - - s

shown in Fig. 1, the as

problems are more easu

two-stage hoisting system. - .- s
stored under greatly reduced tex.sn,.

gnc_i allows the use of hghter, snmpler storage
drum. Lew-tension cable storage also permits
several different sizes and shapes of cable to be
handled with only few modifications or adjust-
ments to the traction unit. The components of a
two-stage hoisting system can be arranged in such
a manner that the overall center of gravity of the
hoist system could be substantially lowered. This
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Fig. 1- Shipboard arrafigement of hoist components

is a desirable consideration for shipboard appli-
cation. The storage drum, with its tons of cable,
could be located at some remote position below
dec‘ks The complexity of this system necessitates

the aforementloned advantages

The two stages of the hoist are the cable haul-
ing unit, of which the capstan and its driving gear
are members, and a cable sterage unit, which con-
sists of a sto'rage drum, its driving gear, a level-
smmng devnce must mamtam a predetermmed
back tension in the cable between the capstan and
the storage drum. The capstan must develop suf-
ficient traction to provide the required ratio be-
tween the load tenslon and the desn‘ed storage

qugtlon

T,/IT, = e
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whefe T, is the tension on the load cable; T is the
storiage tensnon, e is the base of the natural loga-
rithms, u is the coefficient of static friction, and
0 is the angie of‘ wrap Ad‘ditionally, the capstan

of SVhppage and SIdeplay To acécot ls‘h thls, it is
necessary to devise a capstan which is eapableé of
laterally advancing the cable as it rotates.

DESCRIPTION

The NRL capstan (Figs. 2a and 2b) consists of
two identical drums which are in essence; axially
slotted eylinders. The twe c¢ylinders are mounted
so that their bars intermesh, and the intermeshed
units rotate essentially in the same space that
would be occupied by one uiit, oh axes which are
both offset and ecanted with respect to each other.
Each slotted drum consists of two end disks con-
nected by axially mounted bars. The capstan may
be driven by only one drum. For greater efficiency
and less wear, however, it would be preferable teo
apply an equal driving torque to both druims.
Torque transmissien may be by gearing, reller
chams, OF some other method by whlch the unde-

avoided.
OPERATION
In general, the o‘peration of this capstan is simi-
lar to that of the winding reels which were origi-
nally empioyed in the textile industry. The offset
relation of the slotted drums causes the cable

which is wound about the capstan to be carried for
half the cifeumference of the capstan by the bar
members of each drum. For each half revolution of
the capstan, the bar menibers of one drum cafry
the cable. During the other half of the revolution
of the capstan, the bar members of the other drum
carry the eable. Thus, as the capstan rotates; an
element of the cable is transferred fiom the bar
members of one drum te those of the other, every
180 degrees. The canted relation of the bars causes
the cable to advance laterally across the capstan.
The result of these operations is to advance the
cable laterally across the capstan in a series of
approximately helical turns. The pitch of the helix
is determined by the angle between the canted
axes of the di‘ii‘m's
Fig. 3 whlch shows the planv and Gros8s- sectlonal
views of the eapstan. The drums are shown both
canted and offset with respect to each other. As-
sume that the cable is moving from right to left.
The cable first makes contact at point 1, which is
on a bar of the upper drum (as seéen in the sectional
view): This drum is eanted in such a direction that
it pulls the cable laterally toward the other drum.
As the cable leaves the upper drum and passes
across the gap between the drums at right angles
to the axis of rotation (point 4), it is transferred
to the lower drum because the bar members of the
lower drum now pass outside of the periphery of
the upper drum. The lower drum will carry the
cable during the next half revolution. Since the

(a)

Fig. 2 - Two views of NRL capstan test model
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Fig. 3 - A schematic showing the path of an element of
cable during ene rotation of the capstan

drum is canted, it eauses the cable to travel later-
ally in the same direction and at the same rate as
the upper drum again engages the cablée and ¢on-
tinues moving it lateral '

13). Neglecting relaxation, the cable motien is
purely rolling action, free of slippage and sideplay.
There are no unbalanced forces to cause this path
to be altered. Each element of cable follows the

preceding element throughout the same path.
cable advancing process is reversible. As-
ing the cable to be moving from left to right
3), it first makes contact at point 13, which is
located on a bar of the upper drum. As the drum

rotates clockwise, the cable is pulled laterally
toward the other drum, since the upper drum is
canted in the same direction. As the cable passes

izontal plane (point 10), parallel to the axis
it is transferred to the lower drum be-
cause the bar members of the lower drum are now
passing to the outside of the upper drum. As before
the cable is displaced laterally due to the canted
relation of the drums. After being pulled through
one-half revolution on the lower drum, the cable is
transferred to the upper drum which engages the
cable and moves it laterally until the cable leaves

the drum at point 1. The reversibility of the proc:
ess is an important requitément fot hoisting appli-
cations. For proper operation of this capstan, the
cable must be guided to the capstan in a path
which is perpendicular to the axis of rotation of
the drum it initially contacts.

DESIGN CONSIDERATIONS
The lateral displacenient of the ¢a’le is directly
preportional to the angle to which the drum mem-
bers are canted. For the purpose of illustration,
the cant angle is exaggerated in order to portray
better the eéable path across the drum. In actual
practice however, this angle may be guite small.
As an example, let us assume that a length of 1-
inch-diameter ¢able is wound afound a 48-irich-
diameter capstan, as shown in Fig. 4. The mini-
mium lateral displacement must be at least one
cable diameter per revoliition of the capstan. Then
in a half turn of the capstan, the cable must ad-

vance a half eable diameter ot % inch.

'L ATERAL DISPLACEMENT
| OF CABLE IN ONE WALF
REVOLUTION OF DRUM

—:fF

—AXIS OF DRUM ROTATION

Fig. 4 - Lateral displacement effected by cant angle

The cant angle a for one drum is

Since the other drum must alse be canted to later-
ally displace the cable during the other half reveo-
lutien, the total cant angle =2a=1°12'.

The offset must lie in a plane which is perpen-
dicular to the plane in which the drums are canted,
and it must be of sufficient magnitude to cause
each drum member to engage the cable for only a
half revolution. The minimum amount of offset re-
quired is equal to the product of the drum radius
and the versine of half the angle subtended by the
gap between the bars of one drum (this minimum
is required to maintain clearance between the
cable and the bars of the drum which are not to be
contacted). Both the offset and cant angle limit
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the cross-sectional contours of the bars, since they
obviously must be shaped to operate internieshed,
but free from mutual interference.

To obtain the desired action between druin mem-
bers, ecéentric journals, whose bearing faces are
both offset and canted with respect to the mount-
ing shaft, are employed. Figure b shiows the ar-
rangement of the jourials. It should be noted that
parts 1 and 4 are identical=as are parts 2 and 3.
Parts 1 and 3 form a pair of bearing surfaces about
which one druin rotates; while the other drum ro-
tates about parts 2 and 4.

principle may be a»ppl"ed to a high-loa :
capstan. Heretofore, réels based on this prin

were of the fingered-cantilever drum design. The

inherent weakness of the cantilever design limits
their use to low-tension winding applications, such
as are found in the textile industry. However, in
the NRL capstan the drums are r stronger be-
cause the bar members are rigidly supported at
both ends.

The peripheral contour of the bar members also
must be considered. It was observed that consider-
able wear result tion een the cable
and the centact surfaces of the bar members when
they are curved to conform te the drum radius, as
shown in Fig. 6a. The wear is due to the sharp
bending of the cable across the unsupported gap
between the bars. This difficulty becomes negli-

gible if the bars are shaped to provide a smooth
transition from the radius of the drum to the chord
between the bars. The correction may be deter-
mined by the ratio

SIS’ =R/, .

Algebraic rearrangement gives the corrected radi-
us r, necessary for smooth transition (Fig. 6b).

The diameter of the drums is determined by the
minimuim bendirig diameter of the cable. The
length of the drums, however, nieed only be suffi-
ciefit to accoinmodate the number of cable wraps
required to produce the required tension ratio.

POINTS OF

éABLE MAKES AND: BREAKS CONTACT

= TANGENT TO SWURFACE —
-~ = 7 N

Fig. 6b - Bar members contoured to corrected radius
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This may be determined from the equation
TT, = e,

As an example, assume that a long cable is tensed
to 14,000 pounds (7,); and that the tension in the

Fig. 7 - Test setup for checking tension ratios

cable to the storage drum is to be maintained at
200 pounds (T,); then the tension ratie T/T, =
14,000/200 = 70:1. The coefficient of static frietion
for steel on steel (u) is assumed to be 0.15. From
these data the required angle of wrap (6) is
determined.

TT, = e

70 = %1%
L 70 = 0.158

4.248 = 0.150

g\,

2=
.15

m e"r'.h

= 28.3 radians

>
I

28.3 rad.
T = 4.50 wraps

wraps of cable around the cap':tan are req«ulred to
yield a 70:1 tension ratio; however, this must be
confirmed since the coefficient of friction u = 0.15
is an assumed value which was taken from a hand-
book and may not be sufficiently accurate. By con-
diieting a tension test using a scaled model of the
capstan with steel cable, weighing scales (to
measure maximum T, before slippage), and a set of
constant tension springs (to apply tension T) as
shown in Fig. 7; the data in Table 1 was obtained.
Results of the tension test indicate 3% wraps of
ca\bw‘l‘e yields only a 19.9:1 tension ratio and in order

ain a 70:1 ratio another wrap, or 4% wraps,
is requu‘ed It therefore appears that the assump-
tion of 0.15 as the coefficient of friction is
acceptable.

TABLE 1

ey S S

- 371&5_5 ’ 3_ 240 lb , I : ~ 8—0"
4 lb ] i (off scale) | ) =
Average Tensmn Ratlo = 82 7 1
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CONCLUSION

The idea of using a ¢apstan of this type in the
traction ufiit of a deep-sea hoist seems feasible.
Since thefe i no lateral niotion between the bar
members and the cable, there is ho tendency to
twist the cable. In continuous operation under ten-
sion, the cable aligns itself on the capstan; and ¢on-
tinususly traverses the same path, as shown in
Fig. 8.

This capstan works well with many different
sizes and shapes of cable. Even faired cable can be
wrapped on the eapstan, since the cant angle main-
tains spacing between adjacent wraps without
damage to the fairing. Connectors and other simi-
lar discontinuities in the cable diameter can also
be handled.
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